Oxidant triggered C 1 -benzylation of isoquinoline by iodine-catalyzed cross-dehydrogenative-coupling with methylarenes

I. General information
Unless stated otherwise, all commercially available compounds were used as provided without further purification. Thin-layer chromatography (TLC) was performed using E. Merck silica gel 60 F254 precoated plates (0.25 mm). The developed chromatography was analyzed by UV lamp (254 nm). High-resolution mass spectra (HRMS) were obtained from a JEOL JMS-700 instrument (ESI). IR spectrum was characterized by PE-Spectrum One. Melting points are uncorrected. Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance 400 spectrometer at ambient temperature. Chemical shifts for 1 H NMR spectra are reported in parts per million (ppm) from tetramethylsilane with the solvent resonance as the internal standard (chloroform: δ 7.26 ppm). Chemical shifts for 13 C NMR spectra are reported in parts per million (ppm) from tetramethylsilane with the solvent as the internal standard (CDCl 3 : δ 77.16 ppm). Data are reported as following: chemical shift, multiplicity (s = singlet, d = doublet, dd = doublet of doublets, t = triplet, q = quartet, m = multiplet), coupling constant (Hz), and integration.
II. General experimental procedures
A general experimental procedure is described as following:
An oven-dried reaction vessel was charged with isoquinoline (1a) (0.4 mmol, 1 equiv), iodine (5.2 mg, 5 mol%), DTBP (Di-tert-butyl peroxide) in p-xylene (1 mL). The vessel was sealed and heated at 130°C for 12 h, then cool down to room temperature. The resulting mixture was transferred to silica gel column by eluting with hexanes and ethyl acetate (12:1) to give 1-(4-methylbenzyl)isoquinoline (3a 
IV. Mechanistic experiments
To gain more insight into the reaction mechanism, control experiments were carried out as follows.
(a) A mixture of 1a (0.4 mmol, 1 equiv), iodine (5 mol%), DTBP (1.2 mmol, 3 equiv) and 1,1-Diphenylethylene (0.8 mmol, 2 equiv) in toluene (1 mL) was reacted at 130 °C for 12 h. Afterwards the resulting mixture was cooled to room temperature, transferred to silica gel column directly, and eluted with petroleum ether.
(b) A mixture of 1a (0.4 mmol, 1 equiv), iodine (5 mol%), DTBP (1.2 mmol, 3 equiv) in toluene (C 7 H 8 , 0.5 mL) and deuterated toluene (C 7 D 8 , 0.5 mL) was reacted at 130 °C for 6 h. Afterwards the resulting mixture was cooled to room temperature, transferred to silica gel column directly, eluted with petroleum ether and ethyl acetate (12:1). Then the ratio of product mixture was determined by 1 H NMR. 
13
C NMR (100 MHz, CDCl 3 ) δ 160. 48, 142.11, 136.67, 136.49, 135.81, 129.88, 129.30, 128.59, 127.41, 127.28, 127.25, 125.94, 119.82, 41.76, 21 .07. 
C NMR (100 MHz, CDCl 3 ) δ 160. 08, 142.19, 137.90, 136.42, 136.28, 130.18, 129.94, 128.95, 127.54, 127.44, 127.28, 126.40, 126.07, 125.69, 119.74, 39.38, 20.11 . 
C NMR (100 MHz, CDCl 3 ) δ 160. 31, 142.04, 139.41, 138.15, 136.63, 129.89, 129.42, 128.45, 127.38, 127.28, 127.25, 127.12, 125.92, 125.72, 119.84, 42.04, 21.46 . 49, 141.99, 138.40, 136.61, 131.61, 130.41, 130.03, 127.49, 127.42, 127.06, 125.53, 120.22, 120.06, 41.29 .
(3j) 1-(4-iodobenzyl)isoquinoline 55, 142.16, 139.19, 137.66, 136.69, 130.82, 130.07, 127.57, 127.48, 127.16, 125.61, 120.10, 91.72, 41.56 . 11, 159.40, 144.93, 142.18, 136.73, 130.14, 130.00, 128.80, 128.40, 127.61, 127.54, 127.26, 125.64, 120.22, 52.14, 42.13 . 67, 145.02, 142.19, 136.72, 132.45, 130.28, 129.60, 127.73, 127.14, 125.27, 120.39, 119.05, 110.37, 41.90 . 142.05, 138.99, 136.48, 132.76, 130.52, 130.13, 128.04, 127.53, 127.51, 127.44, 127.36, 125.68, 124.56, 120.08, 41.72 . 17, 142.22, 140.21, 137.03, 136.64, 135.80, 129.53, 129.31, 128.58, 126.36, 125.82, 125.68, 119.43, 41.78, 21.94, 21.12 95, 153.00, 142.15, 136.90, 136.64, 135.81, 129.32, 128.62, 126.29, 125.67, 122.44, 120.08, 41.75, 35.22, 31.10, 21.14 73, 141.72, 137.24, 136.38, 135.76, 134.93, 132.34, 130.18, 129.91, 129.26, 128.53, 127.77, 127.01, 126.74, 126.04, 125.57, 41.72, 21. 74, 143.13, 137.84, 136.10, 136.07, 130.82, 129.53, 129.41, 128.50, 127.75, 125.64, 124.71, 118.87, 41.79, 21.12 91, 143.47, 136.16, 136.04, 135.82, 133.72, 129.40, 128.52, 128.38, 127.56, 125.74, 122.48, 118.76, 41.91, 21.12 136.11, 135.98, 135.31, 131.20, 129.43, 128.57, 128.52, 128.24, 126.84, 126.40, 118.58, 41.55, 21.13 
